Introduction
There is a heightened interest at present on the possibility of rapid melting of world-wide glaciers and ice caps (e.g., Greenland & Antarctic Ice Caps) as a result of ongoing global warming, which could lead to escalated sea level rise in future. Several stories and news items in the print & TV media and also in scientific magazines seem to strongly suggest that glaciers and ice caps are melting faster than ever and this could lead to significant rise in global and regional sea level. Recent popular Hollywood movies like An Inconvenient Truth showing big ice shelves breaking off and sliding down into cold Arctic Ocean seem to reinforce this perception that the ice caps and glaciers are indeed melting rapidly and causing sea level to rise dramatically. From a scientific perspective, satellite altimeter data (Topex/Poseidon) have estimated recent sea level rise of about 3mm/yr and possibly higher, this value being significantly higher than the traditionally held value of about 1.5 to 2 mm per yr (for most of the twentieth century) has generated sufficient interest among the scientific community about 'escalating sea level rise' in near future. In a recent (Journal of Climate 2007) paper, the lead author Prof (Emeritus) Carl Wunsch states that " Modern sea level is a matter of urgent concern from a variety of points of view, but especially because of possibility of its acceleration and consequent threats to many low-lying parts of the inhabited world ". The Intergovernmental Panel on Climate Change (IPCC), a UN Body of scientists, has been making periodic review of the earth's climate change since 1990. In its most recent climate change documents (Meehl 2007) , the IPCC projects global sea level rise (SLR) for the next 100 years to be between 14 and 43 cm ( with a mean value of 29 cm) under an emission scenario A1B ( these emission scenarios have been developed using economic development indices for world countries) in which the earth's mean temperature is projected to rise between 2.3C and 4.1C by 2100. The IPCC projects largest increase in SLR (about 230 mm by 2100) as due to thermal contribution, resulting from warming of the earth's surface and associated expansion of water in future. The contribution due to melting of glaciers and ice caps is estimated by the IPCC to be about 60 mm over next 100 years. These two components namely thermal (or steric) and mass balance (or eustatic) are being closely examined at present in the context of several recent studies on climate sensitivity and observational evidence of increased glacier melting. In this chapter, a brief background of the global warming science is presented in section 2. This is followed by a discussion on sea level rise over the past several thousand years and the present state of SLR as determined by world-wide sea level records like tide gauge and modern satellite altimetry. The impact of recent warming on global & regional SLR by way of glacier melt (eustaic rise) and thermal expansion (steric rise) is discussed in the context of observational and other theoretical studies as well as several uncertainties associated with some of the estimates. Also discussed is the present state of sea level change at some of the most vulnerable areas like The Maldives in the equatorial Indian Ocean and the Tuvalu Island in the south Pacific. An estimate of present and future SLR is obtained using most recent studies and the possibility of escalated sea level rise at selected locations is analyzed.
A brief overview of the global warming science
The present debate on the global warming science may have begun with a landmark paper (Revelle & Suess 1958) in which the lead author, (late) Roger Revelle, an eminent geophysicist, suggested that humans are carrying out a large-scale geophysical experiment through world-wide industrial activity that could lead to the build-up of CO 2 greater than the rate of CO 2 production by volcanoes. Revelle & Suess estimated human-added CO 2 in the earth's atmosphere and expressed concern that this continued build-up of carbon dioxide by human activity could impact earth's climate in future through absorption of long-wave radiation emanating from the earth's surface. Revelle was instrumental in establishing the first carbon-dioxide measuring station at Mauna Loa, Hawaii in 1956. Another carbondioxide measuring station was later established in the Antarctic and at present there are several dozen locations providing carbon-dioxide measurements world-wide. Based on these measurements it is now well established that the concentration of atmospheric carbon dioxide, the principal greenhouse gas, has increased from about 350 ppmv (parts per million by volume) in 1956 to about 385 ppmv today. Besides carbon dioxide, there are two other atmospheric gases namely methane (CH 4 ) and nitrous oxide (N 2 O) which are also considered as 'greenhouse gases' whose concentration in the earth's atmosphere is much smaller than carbon dioxide. It should be noted here that the earth's atmosphere consists of nitrogen (~78%), oxygen (~21%) and argon (~0.93%), while carbon dioxide makes up for just about 0.03% of total atmospheric gases. It should be also noted that atmosphere-ocean system is continuously exchanging carbon dioxide which is estimated at about 150 billion tons (Giga-tons OR Gt) annually, while the human-added CO 2 is about 20-22 billion tons annually, just about 15% of total carbon dioxide exchange between atmosphere and ocean. The publication of Revelle/Suess paper sparked rapid development of a number of computer-based climate models which attempted to simulate the impact of increasing future carbon-dioxide concentration on the earth's mean temperature. Using steadily increasing concentration of carbon dioxide based on some assumed emission scenarios, some of the climate models developed in the 1980s and 1990s have projected mean temperature increase of 3C to 6C or more, by the end of 2100. A recent study (Knutti et al 2008) examines a suite of state-of-the-art climate models and associated uncertainties. This study (by Knutti et al) obtains a best guess value of 2.8C with a range of 1.7C to 4.4C for mean temperature increase by 2100. Many climate models now estimate the mean temperature increase for a doubling of the present value of carbon dioxide concentration (e.g, from a present value of 350 to value say 700 or about) over next fifty to one hundred years and this value is often referred to as climate sensitivity. Several recent studies (e.g., Lindzen 2007; Schwartz 2007; Chylek & Lohmann 2008) now suggest that the climate sensitivity obtained by most climate models is too large and a more realistic value seems to be just about 1C to 1.2C. Whether the earth's mean temperature warms by as much as 3C or more by 2100 is one of the most contentious issues in the global warming science today. The evolution of the earth's mean surface temperature over the last 150 years is shown in Figure 1 . This mean temperature graph is obtained by calculating for each year, a mean value using all available land station data which are suitably combined with Sea Surface Temperature (SST) data to come up with one single value for each year. Such calculations are subject to contamination due to urbanization impact, large-scale circulation changes etc, as discussed in Khandekar et al (2005) and many other recent papers. Despite such uncertainties in mean temperature calculation, Figure 1 
Sea level rise, past & present
It is now generally accepted that since the Last Glacial Maximum (LGM) 21000 yr BP (Before Present), the sea level has risen by about 120 m. Most of this rise occurred as the vast amounts of ice sheets and ice caps in northern and Arctic latitudes started to melt as the earth's mean temperature steadily warmed. The melting of the high-latitude ice mass was essentially completed by about 5000-6000 yr BP (Douglas & Peltier 2002 ). Thereafter, global sea level rise was very small and appears to have ceased by 3 to 4 thousand yr BP. The rate of SLR over the last 1000 years and prior to the twentieth century is estimated to be just about 0.2 mm/yr (Fleming et al 1998; Lambeck 2002) . The sea level rise in the late twentieth century is most intriguing and has sparked a large number of studies in the last decade (Douglas & Peltier 2002; Munk 2002; Church et al 2004; Holgate & Woodworth 2004; Jevrejeva et al 2006; Holgate 2007 ). These and many other studies provide following general assessment for the twentieth century sea level rise: a. The rate of sea level rise was larger in the first half of the 20 th century (2.03 mm/yr) than in the second half (1.45 mm/yr). b. There is evidence of 2-13 yr variability in sea level records increasing during the last fifty years over most ocean basins. c. Among major sources of uncertainty are; inadequate distribution of tide gauges particularly in the southern hemisphere, inadequate information on geophysical signatures (e.g. glacial isostatic adjustment & tectonic activity) and relatively short duration of satellite altimetric data for the latter half of 20 th century. The GIA (Glacial Isostatic Adjustment) refers to the gradual springing back of the earth's surface, especially in the higher latitudes, in response to the removal of ice loads of the LGM which were at their maximum extent around 21000 yr BP. The GIA is still significant in the region around the Gulf of Bothnia (often referred to as Fennoscandia) which was covered with ice to a depth of several kilometers during the LGM and where relative sea level is currently falling at the rate of 5-10 mm/yr as the land in that region continues to rebound. The issue of GIA is well articulated by Prof R Peltier (University of Toronto Canada) and his associates in a series of papers (Peltier 1996 (Peltier , 1998 (Peltier , 2001 . A recent paper (Peltier 2009 ) obtains revised estimates of sea level rise due to glacier melts using the GRACE (Gravity Recovery & Climate Experiment) data from a special satellite launched in March 2002. The GRACE Data provide finer estimates of glacier melt contribution against the backdrop of post-glacial rebound of the earth's surface; these estimates will be discussed later.
How fast are glaciers melting?
This has become an intensely debated topic in the global warming science today. Several media reports of rapid melting of polar glaciers and news items about ice shelves of various sizes and magnitude breaking away and sliding into polar oceans have crated a heightened interest about escalated sea level rise in the next decade or more. This issue also appears to have generated considerable interest in the scientific community with a number of papers, articles & scientific commentaries appearing in recent literature (e.g., Munk 2003; Cazenave 2006; Meier et al 2007; Mitrovica et al 2009; Bahr et al 2009) . These and many other recent papers now strongly suggest increased melting of high-latitude glaciers in the last ten years and this is leading to substantially increased contribution to the total sea level rise. Further, it is now speculated that this glacier mass contribution would be accelerating in the next few decades leading to much higher The idea that 'world-wide glaciers and ice caps are melting faster than before' seems to be gaining traction among the scientific community. What is however, not clear at this point in time is: how fast is sea level rising, at global and/or regional level? Studies reported in recent literature using the satellite-based altimeter data (known as Topex/Poseidon) suggest the sea level rise between 2.8 to 3.2 mm/year, but other studies using tide gauge data or a combination satellite and tide gauge data show a significantly smaller value. In a recent paper, Holgate (2007) analyzed nine long and nearly continuous sea level records over one hundred years and obtained a mean value of SLR as 1.74 mm/yr with higher rates of sea level rise in the early part of twentieth century compared to the latter part. Figure 3 shows cumulative sea level rise through the twentieth century as obtained by Holgate. In a most comprehensive recent study, Wunsch et al (2007) generate over 100 million data points using a 23-layer general circulation model with a 1 0 horizontal resolution. The general circulation model uses different types of observed data, like ocean salinity, sea surface temperature, satellite altimetry and Argo float profiles over a period [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] . Based on careful analysis of such a large database, the authors (Wunsch et al) obtain a global mean value of SLR as 1.6 mm/year for the period 1993-2004. The authors also identify several uncertainties and regional variations in the altimetric data and conclude that "it remains possible that the database is insufficient to compute sea level trends with the accuracy necessary to discuss the impact of global warming -as disappointing as the this conclusion may be" 
Sea level rise using GRACE data
As mentioned earlier, the GRACE (Gravity Recovery & Climate Experiment) satellite launched in March 2002 has provided valuable data so far on the rate of mass loss from polar ice sheets and also on the post-glacial rebound of the earth's surface. The GRACE data appear to provide confirmation of the ongoing glacial rebound of the North American Continent caused by deglaciation of the Laurentide, Innuition and Cordilleran ice sheets that began about 21000 yr BP. ( From 2003 to 2008, the total ocean mass contribution to sea level rise is now estimated as about 2.27 mm/yr. Of this, the contribution from the two ice sheets (Greenland and Antarctica) is estimated at about 1.0 mm/yr, while the contribution from remaining (small) glaciers and ice caps is estimated at about 1.1 mm/yr; additional contribution of about 0.17 m m / y r i s f r o m l a n d w a t e r s d u e t o f u t u r e desiccation (of land areas). The thermal contribution is estimated as the difference between satellite altimteric sea level and the GRACE-based ocean mass component and comes out to be about 0.37 mm/yr. The total sea level rise in the most recent period [2003] [2004] [2005] [2006] [2007] [2008] , is now estimated to be about between 2.5 to 2.65 mm/yr, which is less than the satellite altimetric value of 3.1 mm/yr. Cazenave et al further observe that the thermal contribution during the 1993-2003 period was estimated to be about 1.2 mm/yr which has now declined to just about 0.37 mm/yr in the most recent period [2003] [2004] [2005] [2006] [2007] [2008] . Once again, the glacier (and ice cap) melting is identified as the dominant contributor to the present sea level rise, while the thermal contribution appears to have declined, possibly in response to declining sea surface temperatures (SST) in the last five years. This aspect of sea level rise and its linkage to temperature change of the 20 th century is discussed below.
Sea level rise in the context of 20 th century temperature change:
The earth's temperature history for the twentieth century ( Figure 1) shows two warming periods, one during the early part of the twentieth century The global SSTs have declined rather sharply since the peak of 1998 and this may help explain a significant decline in the thermal contribution to sea level rise during the last five years in particular. Future sea level rise due to thermal expansion (steric component) is expected to be smaller in view of low climate sensitivity values obtained in several recent studies. The warming of the earth's climate during the early part of twentieth century and its possible impact on glacier melt appears to have been neglected in the present debate, by the media and by the scientific community as well. A close look at Figure 1 shows that the earlier warming was quite steep from about 1920 to 1935, especially in the Arctic region. According to Chylek et al (2005) , the Arctic warmed at a faster rate during 
Observed sea level variations at selected locations
Here we present examples of observed sea level variations in a few selected locations. These locations have been well-publicized in the present climate change debate as being threatened by escalating sea levels and flooding. Among the locations most often discussed in the media and also in scientific community: (Morner 2004a,b; (Murty and Neralla 1996) . In recent times, an intense tropical cyclone struck the Delta region on November 13 1970, killing an estimated 200,000 thousand people, largest fatalities in a single weather-related disaster! There are no long-term tide gauge data available in the Delta region. The most recent paper by Morner (2010) , analyzes sea level change over the Delta using two sea level records from nearby India, one at Visakhapatnam on east coast of India and the other at Mumbai on the west coast. The sea level changes at these two locations are shown in Figure 8 . 
Concluding remarks
The present debate on global warming, climate change and glacier melt has highlighted the possibility of escalated sea level rise in the next few decades. A careful analysis of latest studies suggests that since about 2007, global sea level rise is estimated as between 2.3 to 2.8 mm/yr. A climatological analysis of past sea level changes in the twentieth century allows an estimate for future sea level rise over the next 100 years of about 23 cm +/-5 cm with a 95% confidence. In view of declining global SSTs and possible continued cooling of the earth's mean temperature over the next decade (Keenlyside et al 2008) , the best guess value for sea level rise from now until 2025 is estimated to be just about 30 mm +/-10 mm. This value appears modest and does not pose a major threat to some of the most vulnerable areas of the world like the Maldives, Bangladesh and the south Pacific islands of Tuvalu and Vanuatu.
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